The Heat Treatment Influence of 1.3343 High Speed Steel on Content of Residual Austenite  by Stoicanescu, Maria et al.
 Procedia Technology  22 ( 2016 )  161 – 166 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
doi: 10.1016/j.protcy.2016.01.039 
WK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*2FWREHU
7LUJX0XUHV5RPDQLD
7KH+HDW7UHDWPHQW,QIOXHQFHRI+LJK6SHHG6WHHORQ
&RQWHQWRI5HVLGXDO$XVWHQLWH
0DULD6WRLFDQHVFXD(PLOLDQ(QHD$GULDQD=DUDD,RDQ*LDFRPHOOLD$XUHO&ULVDQD
D'HSDUWPHQWRI0DWHULDOV6FLHQFH7UDQV\OYDQLD8QLYHUVLW\%UDVRY5RPDQLD
$EVWUDFW
7KHKHDWWUHDWPHQWDSSOLHGWRKLJKVSHHGVWHHOLVLQODUJHPHDVXUHGLFWDWHGE\WKHQHFHVVLW\RIGHFUHDVLQJWKHUHVLGXDODXVWHQLWH
FRQWHQW$IWHUKDUGHQLQJDODUJHDPRXQWRIUHVLGXDODXVWHQLWHLWLVIRXQGLQWKHVWUXFWXUHWKLVLVXQZDQWHGEHFDXVHLWLVOHVVKDUG
WKDQSUDFWLFDOQHFHVVLWLHVDQGDOVRXQVWDEOHLQWLPH$VDUHVXOWWKHKHDWWUHDWPHQWKDVWKHSXUSRVHWRFRQIHUHHWRWRROVPHFKDQLFDO
SURSHUWLHV WKDW DUH UHTXLUHG LQ H[SORLWDWLRQ DQG LQ WKH VDPH WLPH VWDEOH IURP VWUXFWXUDO SRLQW RI YLHZ DQG RI PHFKDQLFDO
FKDUDFWHULVWLFV,QWKLVSXUSRVHWKHUHDUHNQRZQVHYHUDOSURFHVVHVDVIRUH[DPSOHPXOWLSOHWHPSHULQJDQGWUHDWPHQWEHORZ]HUR
GHJUHHV ,Q WKLV SDSHU LW LV SURSRVHG WKH DQDO\VLV RI UHVLGXDO DXVWHQLWH IURPKLJK VWHHO VSHHGV VXEMHFW WRPXOWLSOHKHDW
WUHDWPHQWRSHUDWLRQVE\GHWHUPLQLQJDIWHUHDFKWKHTXDQWLW\RIUHVLGXDODXVWHQLWHWKLVZDVPDGHZLWK;UD\GLIIUDFWLRQXVLQJD
VRIWZDUHSDFNDJHSURJUDP5HVHDUFKKDVUHYHDOHGWKHGHFUHDVHRIUHVLGXDODXVWHQLWHFRQWHQWZLWKWKHQXPEHURIWHPSHULQJDVZHOO
DVZLWKWKHWUHDWPHQWEHORZ]HURGHJUHHV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGVKHDWWUHDWPHQWPXOWLSOHWHPSHULQJVUHVLGXDODXVWHQLWH
,QWURGXFWLRQ
7KHVWDELOLW\LQWLPHRIWKHSURSHUWLHVDQGRIWKHGLPHQVLRQVRQKLJKVSHHGVWHHO WRROVUHSUHVHQWVDFRQGLWLRQDW
KHDWWUHDWPHQWRXWFRPH>@,QWKHVDPHWLPHGXHWRFKHPLFDOFRPSRVLWLRQWKHPDUWHQVLWLFFULWLFDOSRLQWVDWWKHVH
KLJK VSHHG VWHHOV DUH DW ORZ WHPSHUDWXUHV 0V EHLQJ EHORZ ]HUR GHJUHHV >@ 7KXV DIWHU KDUGHQLQJ LQ WKH


&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVVVWRLFDQP#XQLWEYUR
© 2016 The Authors. Published by lsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the “Petru Maior” University of Tirgu Mures, Faculty of Engineering
162   Maria Stoicanescu et al. /  Procedia Technology  22 ( 2016 )  161 – 166 
VWUXFWXUHUHVLGXDODXVWHQLWHLWLVIRXQGLQDSSUHFLDEOHSURSRUWLRQDWVHYHUDOGR]HQVRISHUFHQWDJH7KHORZKDUGQHVV
DQGWKHUHGXFHGVWDELOLW\FDQDIIHFWWKHWRROVEHKDYLRULQH[SORLWDWLRQ7KHKHDWWUHDWPHQWVXEVHTXHQWKDUGHQLQJKDV
DVSULQFLSDOSXUSRVHWKHFRQIHUPHQWRIWKHPHFKDQLFDODQGGLPHQVLRQDOFKDUDFWHULVWLFVWRWKHVHSURGXFWVDVWKH\DUH
UHTXLUHG>@+HDWWUHDWPHQWVIRUWKHVHDUHPXOWLSOHWHPSHULQJDQGWUHDWPHQWEHORZ]HURGHJUHHV
7KHLQIOXHQFHRIWKHUPDOWUHDWPHQWRIUDSLGVWHHOVUHJDUGLQJWKHFRQWHQWRIUHVLGXDODXVWHQLWHDQGLWVGHWHUPLQDWLRQ
LQYDULRXVVWDJHVRIKHDWWUHDWPHQWUHSUHVHQWVDQLPSRUWDQWWRSLFLQWKHVWXGLHVDQGUHVHDUFKFDUULHGRXW>@
([SHULPHQWDOUHVHDUFK
,QWHUPVRIGHWHUPLQDWLRQRIUHVLGXDODXVWHQLWHLQYDULRXVVWDJHVRIKHDWWUHDWPHQWLWKDVEHHQFKRVHQ5S
KLJKVSHHGVWHHOZLWKWKHIROORZLQJFKHPLFDOFRPSRVLWLRQVKRZQLQ7DEOH
7DEOH7KHFKHPLFDOFRPSRVLWLRQ
6WHHOW\SH
&KHPLFDOFRPSRVLWLRQLQSHUFHQW
& 6L 0Q 3 6 &U 0R 9 :
5S         
,QRUGHU WRDFKLHYHUHVXOWVKLJKVSHHGVWHHOVDPSOHVZHUH VXEMHFWHG WRKDUGHQLQJXVLQJHTXLSPHQW IRUYDFXXP
KHDWWUHDWPHQWWKHFRROLQJZDVSHUIRUPHGXVLQJDQLQVWDOODWLRQZLWKSXULILHGQLWURJHQVWURQJO\UHF\FOHG:RUNLQJ
SDUDPHWHUVDWKDUGHQLQJDUHLQGLFDWHGLQ7DEOH
7DEOH+DUGHQLQJSDUDPHWHUV
6WHHOW\SH
3UHKHDWLQJ )LQDOKHDWLQJ
&RROLQJ +DUGQHVV>+5&@3UHVV>WRUU@ 7HPS>&@ 7LPH>PLQ@ 3UHVV>WRUU@ 7HPS>&@ 7LPH>PLQ@
       SXULILHGQLWURJHQ 
)ROORZLQJWKHSURFHVVWKHKDUGHQLQJVDPSOHVZHUHVXEMHFWHGWRKHDWWUHDWPHQWRSHUDWLRQVGHVWLQHGWRUHGXFHWKH
DPRXQW RI UHVLGXDO DXVWHQLWH 7KXV DIWHU FRQVHFXWLYH KDUGHQLQJV WKHUH ZHUH DSSOLHG WHPSHULQJ RSHUDWLRQV
DFFRUGLQJWR7DEOH
7DEOH7HPSHULQJSDUDPHWHUV
6WHHOW\SH
7HPSHULQJZRUNLQJSDUDPHWHUV
3UHVV>WRUU@ 7HPS>&@ 7LPH>PLQ@ &RROLQJ
    SXULILHGQLWURJHQ
7KHUHKDVEHHQHIIHFWXDWHGPXOWLSOHWHPSHULQJIURPWRIRUVHYHUDOVDPSOHVLQSDUDOOHO$VHWRIVDPSOHVZHUH
DOVRDIWHUKDUGHQLQJVXEMHFWWRKHDWWUHDWPHQWEHORZ]HURGHJUHHVUHVSHFWLYHO\DW&,QWKHIROORZLQJILJXUHV
WKHPLFURVWUXFWXUHVRIVDPSOHVWUHDWHGDVDERYHDUHSUHVHQWHG
DE 
)LJD+LJKVSHHGVWHHOYDFXXPKDUGHQLQJIURP&1,7$/$WWDFNE+LJKVSHHGVWHHOYDFXXPKDUGHQLQJIURP
&DQGWHPSHULQJ1,7$/$WWDFN
163 Maria Stoicanescu et al. /  Procedia Technology  22 ( 2016 )  161 – 166 
DE 
)LJD+LJKVSHHGVWHHOYDFXXPKDUGHQLQJIURP&DQGFRQVHFXWLYHWHPSHULQJV1,7$/$WWDFNE+LJKVSHHGVWHHO
YDFXXPKDUGHQLQJDW&DQGFRQVHFXWLYHWHPSHULQJV1,7$/$WWDFN
DE 
)LJ+LJKVSHHGVWHHOYDFXXPKDUGHQLQJIURP&DQGFRROLQJDW&K1LWDO$WWDFNDE
'HWHUPLQLQJWKHFRQWHQWRIUHVLGXDODXVWHQLWH
7KHKLJKVSHHGVWHHOVDPSOHVWUHDWHGLQPDQ\YDULDWLRQVDVGHVFULEHGDERYHZHUHFDUULHGRXWE\;UD\
GLIIUDFWLRQDQDO\VLVXVLQJD3$1DO\WLFDOGLIIUDFWRPHWHU;3HUW03'7KHGLIIUDFWLRQVSHFWUDDUHJLYHQEHORZ



)LJ;UD\GLIIUDFWLRQVSHFWUDRIKLJKVSHHGVWHHOVDPSOHDIWHUYDFXXPKDUGHQLQJ
164   Maria Stoicanescu et al. /  Procedia Technology  22 ( 2016 )  161 – 166 

)LJ;UD\GLIIUDFWLRQVSHFWUDRIKLJKVSHHGVWHHOVDPSOHVYDFXXPKDUGHQLQJDQGWHPSHULQJDW&

)LJ;UD\GLIIUDFWLRQVSHFWUDRIKLJKVSHHGVWHHOVDPSOHYDFXXPKDUGHQLQJDQGFRQVHFXWLYHWHPSHULQJVDW&


)LJ;UD\GLIIUDFWLRQVSHFWUDRIKLJKVSHHGVWHHOVDPSOHYDFXXPKDUGHQLQJDQGFRQVHFXWLYHWHPSHULQJVDW&

165 Maria Stoicanescu et al. /  Procedia Technology  22 ( 2016 )  161 – 166 

)LJ;UD\GLIIUDFWLRQVSHFWUDRIKLJKVSHHGVWHHOVDPSOHYDFXXPKDUGHQLQJDQGFRQVHFXWLYHWHPSHULQJVDW&

)LJ;UD\GLIIUDFWLRQVSHFWUDRIKLJKVSHHGVWHHOVDPSOHYDFXXPKDUGHQLQJDQGFRROLQJDW&IRUK
&RQVLGHULQJ WKDW WRDXVWHQLWHZLWKFU\VWDOOLQH ODWWLFHFIF LVFRUUHVSRQGLQJ WKHSHDNRI WKHSODQH IURPWKH
GLIIUDFWRJUDPVDERYHIURPTXDOLWDWLYHO\SRLQWRIYLHZWKHUHLVIRXQGDGHFUHDVHRIUHVLGXDODXVWHQLWHFRQWHQWZLWK
WKH LQFUHDVLQJ RI WKH QXPEHU RI WHPSHULQJV UHVSHFWLYHO\ ZLWK WUHDWPHQW EHORZ ]HUR GHJUHHV )RU TXDQWLWDWLYH
GHWHUPLQDWLRQV ZHUH FDUULHG RXW VSHFWUD DQDO\VLV XVLQJ WKH VRIWZDUH SURJUDP SDFNDJH ;SHUW+LJK6FRUH3OXV 7KH
LGHQWLILFDWLRQRIFU\VWDOOLQHSKDVHVZDVPDGHRQVWDQGDUGEDVH;5'-&3'6RI,QWHUQDWLRQDO&HQWUHRI'LIIUDFWLRQ
68$7KH LQYHVWLJDWLRQ UHVXOWV UHJDUGLQJ WKHKDUGQHVVDQG WKHFRQWHQWRI UHVLGXDODXVWHQLWHDUH VKRZQ LQ WDEOH
ZKHUH+KDUGQHVVDQG7WHPSHULQJ
7DEOH7KHKDUGQHVVDQGWKHFRQWHQWRIUHVLGXDODXVWHQLWHLQGLIIHUHQWVWDJHV
3URSHUWLHV 7KHLQLWLDOVWDWH $IWHUKDUGHQLQJ+ +7 +7 +7 +7 +WUHDWEHORZ&
+DUGQHVV>+5&@       
5HVDXVWHQLWH>@       
&RQFOXVLRQV
7KH UHVXOWV REWDLQHG EDVHG RQ WKH H[SHULPHQWDO DWWHPSWV DOORZ WKH IROORZLQJ FRQFOXVLRQV WKH KLJK FRQWHQW RI
UHVLGXDODXVWHQLWHIRXQGDIWHUKDUGHQLQJFRQILUPVGDWDIURPWKHVSHFLDOL]HGOLWHUDWXUHWKHWHPSHULQJDSSOLHGVKRUWO\
DIWHUKDUGHQLQJKDVDVHQVLWLYHHIIHFWXSRQWKHUHVLGXDODXVWHQLWHWUDQVIRUPDWLRQWKHPDMRUTXDQWLW\RIWUDQVIRUPHG
VWUXFWXUHRFFXUVDIWHUWKHILUVWWHPSHULQJDORQJLQWKHSURFHVVRQVXEVHTXHQWWHPSHULQJVJUDGXDOO\WKHSHUFHQWDJH
RIWUDQVIRUPHGUHVLGXDODXVWHQLWHLVGHFUHDVLQJWKHUHVLGXDODXVWHQLWHWUDQVIRUPDWLRQLVDFFRPSDQLHGE\WKHKDUGQHVV
LQFUHDVLQJ PRUH YLVLEOH DIWHU WKH ILUVW WHPSHULQJ DQG UHODWLYHO\ LQVLJQLILFDQW IROORZLQJ WKH SURFHVV WKH KHDW
WUHDWPHQWEHORZ]HURGHJUHHVFDXVHVLQDVLQJOHVWDJHWKHGUDVWLFDOO\GHFUHDVLQJRIUHVLGXDODXVWHQLWHFRQWHQWZLWK
YLVLEOHHIIHFWVRQKDUGQHVV$VXEVHTXHQWWHPSHULQJZLWKWKHVWUHVVUHOLHYLQJUROHZRXOGOHDGWRDVOLJKWGHFUHDVHLQ
166   Maria Stoicanescu et al. /  Procedia Technology  22 ( 2016 )  161 – 166 
KDUGQHVV ,Q WKH VDPH WLPH LW LV DSSUHFLDWHG WKDW WKURXJK SURIRXQG FRROLQJV WKH VWHHO UHVLOLHQFH GHFUHDVHV $V D
UHVXOWWKHWUHDWPHQWEHORZ]HURGHJUHHVLVDSSOLHGWRWKHSURGXFWVDWZKLFKWKHVKRFNVLQH[SORLWDWLRQDUHWULIOLQJ
5HIHUHQFHV
>@ 5HHG+LOO5$EEDVFKLDQ53K\VLFDOPHWDOOXUJ\SULQFLSOHVUG(GLWLRQ%RVWRQ3:6.HQW3XEOLVKLQJ
>@ &KULVWLDQ-:7KHWKHRU\RIWUDQVIRUPDWLRQVLQPHWDOVDQGDOOR\V3HUJDPRQS
>@ %DOWHú/ğLHUHDQ02ODK$:D\VWRGHFUHDVHWKHUHVLGXDODXVWHQLWHFRQWHQWWKURXJKWHPSHULQJLQPDJQHWLFILHOGIRUVSHHGVWHHOVFXWWLQJ
WRROVWK,QWHUQDWLRQDOUHVHDUFKH[SHUWFRQIHUHQFH±707%DUFHORQD6SDQLDSDJ,6%1
>@ .UXJORY(37DEROHQNR339DFXXPKHDWWUHDWPHQWRIKLJKVSHHGDQGUHVLVWDQWPDUWHQVLWLFVWHHOV0HWDO6FLHQFHDQ+HDW7UHDWPHQW9RO
1RY
>@ 'XPLWUHVFX&6DEDQ53K\VLFDOPHWDOOXUJ\DQGKHDWWUHDWPHQW(G)DLU3DUWHQHUV
>@ /XVN07:DQJ: 6XQ;/HH<.2Q WKH UROH RI NLQHPDWLFV LQ FRQVWUXFWLQJSUHGLFWLYHPRGHOV RI DXVWHQLWH GHFRPSRVLWLRQ DXVWHQLWH
IRUPDWLRQDQGGHFRPSRVLWLRQ(GV(%'DPPDQG0-0HUZLQ0LQHUDOV0HWDOVDQG0DWHULDOV6RFLHW\:DUUHQGDOH3$
>@ 3RSHVFX9-&KLULDF&5DSLG6WHHO(G$*,5%XFKDUHVW
>@ *LOO666LQJK-HWDO0HWDOOXUJLFDOSULQFLSOHVRIFU\RJHQLFDOO\WUHDWHGWRROVWHHOV²DUHYLHZRQWKHFXUUHQWVWDWHRIVFLHQFH,QWHUQDWLRQDO
-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\
>@ 7RURGRF1*LDFRPHOOL,&RQWULEXWLRQVRIKHDWDQGWKHUPRFKHPLFDOWUHDWPHQWVWRWKHLPSURYHPHQWRIWKHSHUIRUPDQFHVRIKLJKVSHHGVWHHO
WRROV$GYDQFHG7HFKQRORJLHVDQG0DWHULDOVS9RO,,661
>@7LV]D03K\VLFDOPHWDOOXUJ\IRUHQJLQHHUV$60,QWHUQDWLRQDO3DJH
>@'UXJD/*KHOHF(0DQHD9+RZWRLQFUHDVHWKHHIILFLHQF\RIWKHUPRFKHPLFDOWUHDWPHQWV,QWHUQDWLRQDO&RQIHUHQFHRQ0DWHULDOV6FLHQFH
	(QJLQHHULQJ%5$0$7S±%UDVRY
>@.UDXVV*3ULQFLSOHVRIKHDWWUHDWPHQWRIVWHHO$600DWHULDOV3DUN2+S凂
>@%KDGHVKLD+.'+75,3DVVLVWHGVWHHOV,6,-,QWHUQDWLRQDOS
>@5HLVQHU*:HUQHU($)LVFKHU)'0LFURPHFKDQLFDOPRGHOOLQJRIPDUWHQVLWLF WUDQVIRUPDWLRQ LQ UDQGRPPLFURVWUXFWXUHV ,QW -RXUQDORI
6ROLGV	6WUXFWXUHV
>@0LWHOHD,/XJVFKHLGHU(7LOOPDQQ:0DWHULDOVVFLHQFHLQPHFKDQLFDOHQJLQHHULQJ3XEOLVKHU:HOGLQJ7LPLúRDUD
>@2OVRQ*%2ZHQ:60DUWHQVLWH$60,QWHUQDWLRQDO
>@'REU]DQVNL/$7U]DVND-$SSOLFDWLRQRIQHXUDOQHWZRUNV WRIRUHFDVWLQJWKH&&7GLDJUDPV-RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\

>@%KDGHVKLD+.'+(GPRQGV'97HPSHUHG0DUWHQVLWH(PEULWWOHPHQW5ROH RI5HWDLQHG$XVWHQLWH DQG&HPHQWLWH0HWDO 6FLHQFH

>@7LV]D03K\VLFDOPHWDOOXUJ\IRUHQJLQHHUV$60,QWHUQDWLRQDOS
>@'RVVHWW-/%R\HU+(3UDFWLFDOKHDWWUHDWLQJ$60,QWHUQDWLRQDOS
>@=KRQJ1:DQJ;'+XDQJ%;5RQJ<+:DQJ/0LFURVWUXFWXUHVDQGPHFKDQLFDOSURSHUW\RITXHQFKHGDQGSDUWLWLRQHG)H&0Q6L
VWHHO 7KH UG ,QWHUQDWLRQDO&RQIHUHQFH RQ$GYDQFHG 6WUXFWXUDO 6WHHOV ,&$66 +&/HH *\HRQJMX.RUHD .RUHDQ ,QVWLWXWH RI
0HWDOVDQG0DWHULDOVDQG326&2S
>@/DPEHUV+*7VFKXPDN60DLHU+-&DQDGLQF'5ROHRIDXVWHQLWL]DWLRQDQGSUHGHIRUPDWLRQRQ WKHNLQHWLFVRI WKH LVRWKHUPDOEDLQLWLF
WUDQVIRUPDWLRQ0HWDO0DWHU7UDQV$S
>@=KRX+/L<4L-$Q ,QYHVWLJDWLRQRI WKH$XWR7HPSHULQJRI/RZ&DUERQ0DUWHQVLWH&KLQHVH-RXUQDORI0HFKDQLFDO(QJLQHHULQJ
S
>@6DPXHOV/(/LJKW0LFURVFRS\RI&DUERQ6WHHOV$60,QWHUQDWLRQDO0DWHULDOV3DUN2+S
>@(UVKRY901HNUDVRYD/67UDQVIRUPDWLRQRIFHPHQWLWHLQWRDXVWHQLWH0HWDO6FL+HDW7UHDWS±
>@.UDXVV*0DUWHQVLWLF WUDQVIRUPDWLRQ VWUXFWXUHDQGSURSHUWLHV LQKDUGHQDEOH VWHHOV LQ+DUGHQDELOLW\&RQFHSWVZLWK$SSOLFDWLRQV WR6WHHO
-DQ
>@&DPSEHOO)&(OHPHQWVRIPHWDOOXUJ\DQGHQJLQHHULQJDOOR\V$60,QWHUQDWLRQDOS
>@6SHLFK*5/HVOLH:&0HW7UDQV9ROS
